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Abstract 
In this study, different designs of contact schemes for back contact silicon heterojunction (BC-SHJ) solar cells are 
simulated and optimized using numerical device simulation in 2D and 3D for both stripe and point contacts. Unlike in 
conventional BC cells, the emitter and BSF contacts in BC-SHJ are well passivated, which allows to maintain a high 
open circuit Voltage (VOC) even if the contacts to cover the entire rear surface. The results show that BC-SHJ cells 
have the potential to reach efficiencies above 25 % without using sophisticated patterning methods such as 
photolithography (PL) for the rear side contact patterning. Therefore current techniques for silicon solar cell 
fabrication such as screen-printing (SP) are sufficient to meet the requirements for BC-SHJ cell fabrication which 
shows a great potential to further reduce the production cost of high efficiency silicon solar cells. 
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1. Introduction 
The short circuit current density (jSC) of conventional silicon heterojunction (SHJ) cells is limited by 
front grid shading as well as absorption in the a-Si:H emitter and TCO layers on the front side of the cell. 
Thus, increasing jSC is one of the most crucial points to further improve the efficiency of SHJ cells. By 
placing both contacts on the rear side the jSC can be maximized, since shading is avoided and parasitic 
absorption is reduced. According to results published by Sunpower corporation, a high jSC of 40.64 
mA/cm2 is achievable with this back contact (BC) scheme [1]. Combined with the high open circuit 
voltage (VOC) >750 mV achieved by the excellent passivation effect of a-Si:H layers, an efficiency higher 
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than 25 % is easily predictable. Thus it is not surprising that the BC-SHJ concept has recently drawn lots 
of attention [2]. 
In diffused back contact cells, a point contact scheme in which both contact areas are minimized is 
often required in order to reduce recombination [3]. The fabrication of diffused BC cells therefore often 
relies on sophisticated technology such as photolithography (PL) because the contacts need to be small 
and placed closely together for carrier collection. Also, a long junction drive in time and high temperature 
process (>900 C) are often required since a deep junction profile is required for low saturation currents [4, 
5]. On the other hand, the deposition of a-Si:H for BC-SHJ cells can be done at a relatively low 
temperature (around 200 C). Besides, since a-Si:H provides an excellent passivation for both emitter and 
BSF contacts, the contact area needs not to be minimized. Therefore, the use of screen-printing (SP) 
technology is possible, which makes the BC-SHJ design even more attractive.  
The design and fabrication of rear side contact for SHJ solar cells have been presented and discussed; 
however, a more detailed understanding of the loss mechanism and optimum structure is still needed [6-8]. 
In this paper, both stripe and point contact scheme are simulated by using numerical simulation software 
in 2D and 3D. Different gaps, pitches, and emitter/back surface field (BSF) ratios are optimized 
simultaneously to give a full and general understanding of this contact scheme design. Based on the 
simulation results, the possibility of using inexpensive processes is shown and discussed here. 
2. Simulation & parameter setup 
Sentarus technology computer aided design (TCAD) version vG-2012.06 is used for all simulations 
shown here. The used material parameters are presented in Table 1: The defect structure in the a-Si:H 
band gap is assumed to consist of two exponential tail states and two Gaussian distributions of deep 
defect states (dangling bonds). The Fermi level for n and p type a-Si:H are adjusted to about 365 and 400 
mV away from the conduction and valence band, respectively. The a-Si:H/c-Si interface is modeled by 
assuming two Gaussian defect state distributions around c-Si midgap. Light trapping was assumed and 
the optical generation profile is calculated having an anti-reflection layer which is SiN/SiO270nm/10nm 
and a perfectly reflecting lambertian rear surface. 
The unit cell structure for device simulation is shown in Fig. 1(a) for stripe (2D) and 1(b) and 1(c) for 
point contacts (3D). To emphasize the influence of the rear side contact design on the simulation results, a 
150 m thick 3 -cm silicon wafer with only intrinsic recombination (radiative and Auger) was assumed. 
Front surface recombination was limited and modeled by Schottky-Read-Hall (SRH) recombination with 
surface recombination velocity (SRV) as low as 3 cm/s. The rear side of the cell is divided into three 
different regions: the emitter, BSF, and the gap. The gap represents the non-metallized part of the rear 
surface and its width is determined by the used patterning techniques which for screen printing and 
photolithography are assumed to 30 and 5 m, respectively.  The gap recombination was assumed to be 
10 cm/s. Different emitter/BSF ratios and a pitch ranging from 0.5~0.9 and 100~1000 m, respectively, 
were simulated to find the optimum stripe contact design for BC-SHJ solar cells. 
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Fig. 1. Unit cell structure for (a) stripe contact; (b) point contact; (c) point BSF contact 
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Table 1. Parameter set for BC-SHJ solar cell simulation 
Parameter  a-Si:H (p+) a-Si:H (n+) Interface c-Si (n) 
Thickness ( m) 0.015 0.015 0 150 
Electron affinity (eV) 3.774 3.774 4.05 4.05 
Bandgap (eV) 1.8 1.8 1.12 1.12 
Conduction band density of states (cm-3) 5x1021 5x1021 - 2.8x1019 
Valence band density of states (cm-3) 5x1021 5x1021  3.1x1019 
Mobility for e, h (cm2V-1s-1) 5, 1 5, 1 - Doping dependent 
Donor or Acceptor Concentration (cm-3) 2.3x1018 4.55x1017 - 1.5x1015 
Donor-like exp. tail state  (cm-3eV-1) 1.6x1021 1.6x1021 - - 
Acceptor-like exp. tail state  (cm-3eV-1) 1.53x1021 1.53x1021 - - 
Characteristic energy for Donor, Acceptor states (eV) 0.05, 0.026 0.05, 0.026 - - 
Capture cross section for e, h for both state (cm-3) 7x10-16, 7x10-16 7x10-16, 7x10-16 - - 
Donor-like Gaussian deep state  (cm-3eV-1) 5x1018 1x1018 8x1010 - 
Acceptor-like Gaussian deep state  (cm-3eV-1) 5x1018 1x1018 8x1010 - 
Donor, Acceptor-like state peak energy position (eV) 1.1, 1.3 0.6, 0.85 0.6, 0.85 - 
Standard deviation (eV) 0.18 0.18 0.18 - 
Capture cross section for e, h in donor states (cm-3) 10-15, 10-16 10-15, 10-16 10-15, 10-16 - 
Capture cross section for e, h in acceptor states (cm-3) 10-16, 10-15 10-16, 10-15 10-16, 10-15 - 
 
3. Results and discussions 
3.1. Optimization of stripe contacts for photolithography  and screen-printing processes 
The gap sizes were chosen as a limitation of different process technologies. For a simple 
photolithography (PL) process, the gap size was assumed to be 5 m. The simulation results for this case 
are shown in Fig. 2(a)-2(d). A higher emitter-to-BSF ratio and smaller pitch are beneficial for minority 
carrier collection. Therefore, jSC is higher when the emitter fraction is higher and the pitch is smaller as 
shown in Fig. 2(a). A higher BSF fraction and gap-to-contact ratio will lead to a higher VOC, since the 
quality of passivation is assumed better for the gap and (n/i)a-Si:H BSF stack than for the (p/i)a-Si;H 
emitter stack. However, as can be seen from the figure, the changes of jSC and VOC are minor as compared 
to the fill factor (FF), which is the dominating factor here. 
The FF is shown in Fig. 2(c), for which the optimum point appears when the emitter covers 85 % of 
the total contact area and the pitch is 275 m. The high emitter-to-BSF ratio required suggests that a 
higher power loss occurs in the emitter region, which is also suggested by another publication [9]. The 
conductivity and band discontinuity used in the simulation for emitter and BSF are 2.4x10-3 and 5.5x10-5 
-1cm-1 and 276 mV and 404 mV, respectively. So it can indeed be expected that a higher power loss 
occurs in emitter and its interface to the c-Si absorber than in the BSF. A higher emitter contact fraction 
helps to compensate the power loss differences in emitter and BSF. In other words, the best pitch is 
decided by the difference in electronic quality between emitter and BSF. 
Since in our simulations, the gap distance is a fixed value, the gap-to-contact ratio decreases as the 
pitch increases. The power loss within the contacts is contributing most of the power loss, therefore a 
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higher contact fraction means smaller power loss. However, as the pitch continues to increase, the 
distance for current transport from BSF to emitter is also increasing. A decrease in FF can therefore be 
observed as the impact of an increasing series resistance. The optimum pitch is thus decided by gap size 
and base doping, which is leads to a compensation between power loss in the a-Si:H contacts and in the c-
Si base. An optimum efficiency of 25.24 % is thus reached at the same position as the optimum FF. 
Furthermore, an efficiency higher than 25 % is reachable with a rather large tolerance regarding optimum 
feature sizes, which is shown in Fig. 2(d). 
A very similar distribution can be found when the gap distance is enlarged to 30 m, representing the 
case of screen printed metallization. The efficiency distribution of different emitter/BSF ratios and pitch 
is shown in Fig. 2(e) for this case. A high emitter fraction is still required since the quality of emitter and 
BSF are remaining the same for this simulation. However, the optimum pitch increases to 500 m 
because the contact-to-gap ratio should remain high for smaller power loss. To further investigate the 
possibility of using simple patterning techniques such as shadow mask, the gap distance was further 
enlarged to 100 m. The efficiency for this case is shown in Fig. 2(f): the optimum pitch increases to 750 
m, but still with a high cell efficiency of 24.8 %. 
The similar profiles in the plots in Fig. 2 suggest that the design of BC-SHJ cell stripe contact is 
dominated by the FF, for which the power loss in the a-Si:H contact layers and in the wafer base are the 
dominant factors. The optimum point is given by the compensation of these losses in each layer. 
Compared to a diffused BC cell, the determining factor is fill factor rather than VOC. Therefore the contact 
could and should be as large as possible. Furthermore, the large tolerance of the design makes it possible 
to use inexpensive processing technologies such as the screen-printing or shadow masking techniques.  
3.2. Stripe and point contact for BC-SHJ cells 
Besides the wide stripe contacts, narrow stripe and point contact structures are also considered for 
further improvement of the BC-SHJ design. The unit cell is assumed to be 15 m and 15x15 m2 in 2D 
simulation for stripe and 3D simulations for point contacts, respectively. Contact sizes for emitter and 
BSF are assumed equal for both stripe and point contact structures, which are 5 m and 5x5 m2 as 
shown in Fig. 1(b). The simulation results are shown in Table 2. If point instead of stripe contacts are 
used, the simulated cell efficiency shows no further improvement: it is even decreasing, due to the same 
reasons as discussed above, i.e. because the coverage with doped a-Si:H emitter contact is not high 
enough. It also shows that a higher contact-to-gap ratio will give a higher FF, which is crucial in BC-SHJ 
cells since the FF is the dominant factor, as shown above.  
Since the contact-to-gap and emitter-to-BSF ratios should be high, a point BSF contact structure is 
then assumed as a more reasonable design. Here, the emitter covers most of the rear side of the cell, 
whereas for the point contact structure, most of the area is covered by the gap passivation. For the point 
BSF structure simulated here, which is shown in Fig. 1(c), the contact sizes are 125 and 25 m2 for 
emitter and BSF, and a constant gap distance of 5 m is used. Thus, in the structure, emitter and total 
contact fractions are higher than in both the stipe and the point contact structures. The simulation result is 
also shown in Table 2: A higher FF and efficiency are achieved, but still no significant improvement is 
observed. Although the contact geometry has not been optimized yet, our preliminary results show no 
advantages of point contacts over stripe contacts, especially considering the difficulty of the processing. 
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Fig. 2. (a)-(d) jSC, VOC, Fill factor, and efficiency with gap size 5 m; (e)-(f) efficiency with gap size 30 and 100 m, respectively. 
Table 2. Efficiency of BC-SHJ cell with stripe, and with point contacts. 
Contact Geometry jSC (mA/cm2) VOC (mV) FF (%) Efficiency (%) 
Stripe 40.56 735 81.53 24.30 
Point contact  40.85 732 73.08 21.86 
Point BSF contact 40.89 730 81.77 24.40 
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4. Conclusions 
A detailed and general simulation result of different rear side contact geometry BC-SHJ cell is 
presented here. Although the band discontinuity between a-Si:H/c-Si interface and low density of a-
Si:H/c-Si interface defect states leads to outstanding passivation of the emitter and BSF contacts and a 
very high VOC can therefore always be achieved regardless of the contact size, the simulation results show 
that the loss mechanism in BC-SHJ cell is due to the series resistance which is also partly due to the band 
discontinuity. Together with the low conductivity of the a-Si:H layers and the wafer resistivity, they are 
the dominant limiting factor for the efficiency. Therefore, instead of keeping all the contacts small, the 
contact should be as large as possible and cover the entire rear surface to maximize FF and efficiency. An 
optimum cell geometry with stripe contacts could reach a cell efficiency of 25.24 % with small gap sizes 
of 5 m, 275μm pitch size and an emitter fraction of 85 % of the total contact area. Although the point 
contact scheme shows promising potential in diffused BC cells, our results show that due to the low ratio 
of contact-to-gap area, the fill factor will suffer from the high power loss and therefore the efficiency is 
limited even though the VOC is high. Still, the simulation suggests that BC-SHJ gives a large margin for 
processing as, according to our simulations, it should still be possible to reach a power conversion 
efficiency of 25 % for a large gap distance, which is promising for low cost high efficiency solar cell 
production.  
Acknowledgements 
This work was supported in part by the National Science Council under the Grants NSC 101-2221-E-
007-076. We are grateful to the National Center for High-performance Computing for computer time and 
facilities.  
References 
[1] P.J. Cousins, D.D. Smith, L. Hsin-Chiao, J. Manning, T.D. Dennis, A. Waldhauer, K.E. Wilson, G. Harley, W.P. Mulligan, 
Generation 3: Improved performance at lower cost, in:  Photovoltaic Specialists Conference (PVSC), 2010 35th IEEE, 2010, pp. 
000275-000278. 
[2] N. Mingirulli, J. Haschke, R. Gogolin, R. Ferré, T.F. Schulze, J. Düsterhöft, N.-P. Harder, L. Korte, R. Brendel, B. Rech, 
Efficient interdigitated back-contacted silicon heterojunction solar cells, physica status solidi (RRL)  Rapid Research Letters, 5 
(2011) 159-161. 
[3] R.A. Sinton, Y. Kwark, J.Y. Gan, R.M. Swanson, 27.5-percent silicon concentrator solar cells, Electron Device Letters, 
IEEE, 7 (1986) 567-569. 
[4] R.R. King, R.A. Sinton, R.M. Swanson, Studies of diffused phosphorus emitters: saturation current, surface recombination 
velocity, and quantum efficiency, Electron Devices, IEEE Transactions on, 37 (1990) 365-371. 
[5] R.R. King, R.M. Swanson, Studies of diffused boron emitters: saturation current, bandgap narrowing, and surface 
recombination velocity, Electron Devices, IEEE Transactions on, 38 (1991) 1399-1409. 
[6] T. Desrues, P.J. Ribeyron, A. Vandeneynde, A.S. Ozanne, F. Souche, D. Muñoz, C. Denis, D. Diouf, J.P. Kleider, B-doped 
a-Si:H contact improvement on silicon heterojunction solar cells and interdigitated back contact structure, physica status solidi (c), 7 
(2010) 1011-1015. 
[7] M. Lu, U. Das, S. Bowden, S. Hegedus, R. Birkmire, Optimization of interdigitated back contact silicon heterojunction solar 
cells by two-dimensional numerical simulation, in:  Photovoltaic Specialists Conference (PVSC), 2009 34th IEEE, 2009, pp. 
001475-001480. 
 Yi-Yang Chen et al. /  Energy Procedia  38 ( 2013 )  677 – 683 683
[8] D. Diouf, J.P. Kleider, T. Desrues, P.J. Ribeyron, Study of interdigitated back contact silicon heterojunctions solar cells by 
two-dimensional numerical simulations, Materials Science and Engineering: B, 159 160 (2009) 291-294. 
[9] D. Diouf, J.P. Kleider, T. Desrues, P.J. Ribeyron, 2D simulations of interdigitated back contact heterojunction solar cells 
based on n-type crystalline silicon, physica status solidi (c), 7 (2010) 1033-1036. 
 
